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"Explosive Compositions,”
Bxplosives Researoh Laboratory

Bruceton, Pa, 3
"Physical Testing,"

Explosives Research Laboratory

Bruoceton, Pa. 13
"The EBffeoct of Heat on Oonfined Bxplosives,”

Bxplosives Researoch Laboratory 19

Bruceton, Pa.

"High Explosives Sensitiveness Investigation,”

Herocules Powder Compeny
Wilmington, Delaware 28

"Studies of the Preparation, Stabilization

and Testing of Explosives,”

Bxplosives Research Laboratory

Bruceton, Pa, 43

"Development of Liquid Bxplosives,”
Explosives Department, duPont Company

Viilmington, Delaware 49
»Studies of Thermal Stability Tests,”

Columbia University . 54
"Polarograpaic Investigatica of 'l'q:losivos," 56

Harvard University

"Polarographic Bxamination of Explosives,” ,
University of “Wisconsin : 60

Note:

1. Work on the subjeot "Controlled Decompositio: ot
Nitrocellulose” is reported in the Division 8 Interim Report
on "Special Propellants”, Formal Progress Reports on the
above subject have .beon prepared at Columbia end Ohic Stete
University and will be issued soon. :

2. Work on the general subject "Nitramines” is reported
in Division 8 Interim Report on "Organioc Developument Provlems®.
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EXPLOSIVE COMPOSITIONS

Report Submitted by
D. P, iaoDougall, E, BE. Byater
and ¢, A, Weltman
Explosives Research Laboratory
Bruoceton, Pennsylvania

Abstract

1., A 5000# batoh of PEP-2 has bsen manufactursd at the duPont
Bastern Laboratory. The outstanding diffioculty revealed in
this production was the slowness of rolling of this material,
compared with rolling 4dry Composition C or Composition C-2,

After 3 months' storage at 60°C., the superiority of British
Arachis-nut leoithin over American soy-bean lecithin for RDX
Polar P.B. continues to be demonstrated,

€., Exudation tests and bullet tests with caliber 0.50 bsall,

M2 show that substitution of paraffin for Aristowax-alox in
Oanpg:i.tion B will neither inorease the exudation nor the bullet
sens vity.

The effects of Aailuting Composition B from a composition 60/40/1
RDX-TNT-Wax to 55/45/1 RIX-TNT-Wax upon the viscosity and the
power have been determined,

Experiments on the segregation of RIX and of wax in large
castings of Composition B have been bsgun.

3.1 The relative insensitivity of the liquid explosive Methylite-
20° to repeated light blows has been demonstrated by shaking a
sample for 8 hours in a vigorous shaking machine, without explosion,

4, It has been decided that the acetone extract of lecithin is

the most satisfactory surface-active agent which has been found

for Ednatols, 1Its effects on the viscosity of Bdnatol slurries

has been measured with an efflux viscometer under various ocon-
ditions, and its effeot on the vaouum stability has been investigated
This extract also decoreases the viscosity of DBX and Baronal
slurries, but when added to Gulf Orown 0il B does not make a good
plastio explosive with RDX, as does both the whole lecithin and

the lscithin residue.

5. Three different lining and padding oombinations, which have

been applied to cases of the Aerial Depth Bomb, AN-1k47, in an
attempt to desensitize it to hard-surface impaot, are described,

1g0% Nitroglyocerine/20% dimethyl phthalate stabilized with 0.5%
ethyl Oentralite.
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1, Plastioc Explosives

(1) PEP-2

A 500# batoh of PEP-2 with 14% oil has besn manufactured at

the duPont BEastern lLaboretory. In this preparation the wet
PETN was added to the Orown Oil B in the inoorporator with
stirring at i,com temperature. Enough PETN was added to give

a final oomposition of 86% FETN + 14% oil., Before rolling the
wet product has 10-15% water, since this is the water oontent
of the wet PKTN. The rolls were gat at & roll separation of
0.004" with spring pressure of 2000# at one end and 1400# at
the other., 4.he wet oiled mixture was passed 10 times through
the rolls. However, through some misunderstanding, the first
200 1lbs., of wet PEP-2 were passed 20 times through the rolls.
This 20 pass materiml was put in with the regular 10 pass
material for the first 6 drying batoh. The fipal dried pro-
duot was a good, firm plastio, but it di4 seem, immediately
after drying, to be somewhat shorter than the previous experi-
mental Sample rolled the same way. On standing about 8 days,
however, the product softened somewhat and its length inoreased,
It will pass extensibility specifications even after it is re-
moved from the drier.

Analysis of the first two oiled batohes showed 14.4% and 13.8%

oil respectively., It is Dr., Burrows' belief that in large scale
production, it would be difficult to hold the oil ooncentration
to much better than 14% ¢+ 1%. The water content before rolling

~ was about 15%, and after rolling, 3.5% and 4.2% for the two

0iled bdatches.

The prinoipal difficulty experienced in manufaoturing this
plastio ocours in rolling. 7The wet, 0iled PETN pressed through
the rolls very easily the first 2 or 3 times, but after that

it becomes firm and must be forced through the rolls, The
water whioch is squeozed out of the material ludbricates the sur-
face of the rolls so that they cannot grip the material and
pull it through.

In an effort to remove some of the water whioh is trapped in
the oiled PETN during oiling, the material was oiled hot., It
was hoped that hot oiling would bring the water to the sur-
face, where it ocould be decanted. This method did not help
very much, poesibly because the material was not allowed to
get hot enough.
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The only cther variation in prccedure which was possible with
the equipment at hand was to oil some PETN from a slurry. For
this purpose, a small laboratory incorporator was used to
slurry-oil 8 lbs. of PETN. This material was occoled, filtered
and rolled without any visidle improvement.

It will probably not be advantageous to heat the rolls and roll
PEP-2 hot, because PEP-2 does not soften up on heating,

The naximum possible production of PEP-2 per shift {about

6-1/2 hours of actual rolling) on one roll with the present
procedure is 500 lbs. This is about the rate of produotion

of wet Composition O which can be turned out at the rate of
80-100 lbs. an hour. When Composition O is rolled dry, one
roll can turn out 250 lbs, an hour, Composition 0-2, however
can be turned out at the rate of 1000 1lbs, an hour by one rcli.

Dr. Burrows 4id not think it would be advisable to roll ary
PEP-2 because of its sensitivity.

Some work will be done, soon, at Bruceton to determine the
effeots of water and method of incorporation on rolling on
our roll mill,

(2) a6 Tests of RIX Polar P.E, Made with British

After 3 months® storage at 680°C, in olosed and open containers,
the samples of &DX Polar P.E, mede with Britisk lecithin still
show no signs of deterioration in plastic properties. The
samples are somwewhat firmer than when first made, but are
perhaps of better oconsistenoy beocause of this faot, aince they
were rather soft when first made, As has been mentioned pre-
viously (PT-18, page 5 and PT-19, page “4) samples made with
Americen soy-bean lecithin deteriorated rapidly at 60°C.

2. Compositicn B
(1) The Use of Paraffin in Qomposition B
(a) Exudetion Tests (L. Goodman)

Exudation tests were made with 1" orlindera, 1/2" high of ocast _

Composition B, which were held at 60°C. on a 8stack of filter-

papers in a weighing bottle, The loss in weight of the pellcts

after one week has been determined, to compare the behavior of
Composition B with paraffin and that of regular Composition B
made with 90/10 Aristowax-Alox. The following results were
obtained:
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Pellet % Loss in Weight
Composition B (Aristowax-Alox)
Sample I 0.281
Sample II 0.4135
Composition B (Pareffin)
Sample I 0.110
Sample II 0.113

These values are all somswhat high, as the result of a certain
amount of loss of TNT by sublimation, but it seems olear that
the substitution of paraffin for Aristowax-Alox in Composition B

should not inocrease exudation.
(b) Bullet Sensitivity (wW. H. Rogers)

The relative sensitivities to bullet impact of Composition B
made with Aristowax-Alox and with paraffin have been further
studied by trials in whioh the materials were tested, cast in
1-1/2% pipe-nippies, using the caliber 0,50 ball, M-2 bullet.

The fo ng results were obtained: :
Explosive No, N.B, ER. B BEGC,

Composition B(Aristowax-Alox) 25 9 12 4 -

Composition B(Pararfin) 0 18 8 1 3 1

Under these oconditions it appears that the material made with
pararfin is, if anything, somewhat less sensitive than the
regular Composition B, whereas the more extensive tests made
with the caliber 0.30 ball, M-2 bullet indicated the two to be
of about equal sensitivity. In any case, it sesms clear that a
change from Aristowax-Alox to paraffin would have no harmful
effect on bullet sensitivity,

(2) Propertjes of 55/45 Composition B

In oconnection with a proposal to lower the RDX concentration in
Composition B from around 60% to around 55% we have measured
the drop in visocosity and the deorease in power (Ballistio

Mortar) attending such a change.,
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The decrease in viscosity will depend on the initial viscosity

of the 60% slurry, being the greater, the higher is this value,

The following table givoa the ratio of the viscosities at 100eC
s

of 60% and 558 RDX slurries (otherwise identical) for & few
differens values of ths viscosity of the 60% slurryl.

Yi(e 6 5

Sy Nisok) o TLLseR)
5 polises 3.0

10 n 4.0

25 n 5.6

50 " , 8.3

These values were checked by diluting & slurry of initial vis-
cosity 23.2 poises from 60 RDX to 558. The viscosity wes re-
duced to 4.8 poises, giving a ratio of 4,.9. -

The decrease in powder, as measured by the Ballistic Mortar,
attending dilution of & Cyclotol from 60/40 to 55/45 will be
expected to be about 2 T.V. units, or 1.5, as determined
by measurements of the powsr of & series of Cyclotols of
varying compositions.

(3) Segregation of RDX in Composition B

It has dbeon pointed out to us by Lt. Comdr. Stephen Brunauer
that the Birritish have msde experiments on sestioning large
castings of Composition B and Torpex, and fiiud eareas from whish
TET has drawn sway on cooling, leaving abnormally high concen-

trations of RDX. They regard the role of wax as a phlegmatisger .

in such mixtures as that of a desensitizer of these arsas. We
have made 2 oylindrical castings of Composition B's of 8"
diamster and about 10" h'gh, and inspected them for high RDX
areas. In one of these castings, which analysed §3.3% RDX in
bulk, there was & central seotion markedly lighter in color and
porous in appearance, which contained 66.1% RDX. The other
cast showed & similar segregation; but was not analyszed.

A similar casting was made with a 60/40 Cyclotol: this casting
oavitated instead of segregating at the core, apparently because
the materiel happened to bs less viscous, and perhaps because
the conditions of cooling were somawhat different. It 1s
planned to prepare more oastings, with and without wex, of

1Thia table has been constructed from general results on the
concentration effeot on the viscosities of Cyclotols, and
involves many measurements of a large number of slurries.
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similar viscosities and cooled under identical conditions to
investigate this matter under controlled conditions.

3. Liquid Explosives: gom;tiv;n of gmlye 20 to §M

Various tests of the sensitiv.ty of Methylite-20 to such severe
blows as those provided by bullet-impact, dropping of containers,
and striking containers with a heavy pendulum have been made.

It was decided to arrange a shaking test to determine its
sensitivity to nanI repeated blows of mild nature. A pint

paint can, half filled with Methylite 20, with 16 ball-mill
stones added, was covered and attached to thes platform of a
shaking machine. The can was subjected to 8 hours of shaking
through a 6" amplitude, at the rate of 172 shakes per minute,
without detonation.

4. Bffeot of Surfage-Active ents on the Pourability o
atols . -
(1) atern um Sal

Two quaternary ammonium salts, triethyl cetyl ammonium bromide
and dimethyl o% i calds

thyl ethyl cetyl ammonium br were received from
Onyx 011 and Chemical Company. These were claimed to be
chemically pure. Both of those congoundl improved the poura~
bility, but the dimethyl ethyl cetyl ammonium bromids reasted
immedistely with THT to give a red color, and the trime thyl
o6iyl ammoniua bromide reacted slowly upon standing with molten
THT. The pH of a saturated aqueous solution of the dimsethyl
othyl compound was 7.8, indicating ths presence of free amine,
while the trimethyl compound had a pH of 3.9. Vaouum Stability
tests run on a slurry containing 0.3% of the trimethyl sompound,
indicated excessive gas evolution.

(8) Other Surfece Agtive Agents

A sories of cationically active surface-active agents, derived
from triethylene tetramine condanges #ith fatty acids, supplied
by Synthetic Chemicals Company, were investigated. All of them
reacted with TNT,

A glyceride supplied by Hachmeister, Inc., was tried. No
obvious effect on ths pourability was obsaerved.

(3) Lecithin Extract

Tc date, the best surface active agent for Ednatols appears to de
the acetone extract of lecithin, Consequontly, it was decided to
evaluate this agent in & more quantitative manner.

-8 - CONPIDENTIAL
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(a) Viscometry

The modified Stormer viscometer is not well suited for measurements
of viscosities of flocculated slurries because they have a tendsncy
to segregate around the stirrer, but when the agent has been

added, then the stirring tends to whip a'r into the slurry,

since the foam is stabilized by the agent. Accordingly, an

efflux viscometer previously built for Cyclotol studies was used
in this investigation. The diameter of the tube is 68 cm., the
diame ter of the orifice 1 om., and the length of the orifice tube
4.7 cm. The tube is placed in a water bath which is heated
eleotrically, maintaining a temperature of 1006C, The standard
procedurs adopted was to place a rubover plug, connectead to a

stiff wire, into the orifice; add 200 grams of slurry into the
viscometer; allow the slurry to attain a temperature between
990-100°; then pull the plug and observed the time for 50 grams

to flow into a beaker on a balance below the orifice.

A 57% Bdnatol slurry, using standard duPont pilot-plant HaleiteZ,
was placed in the tube. a plug was pulled, only the slurry
directly over the orifice dropgod through while the rest of the
Haleite on the sides formed a looss network through which only

TNT drained. Plow stopped before 50 grams had been collected,
Another §7% slurry was made up with the addition of 0.38% scetone
extract of lecithin. The efflux time for 50 grams was 4.9 seconds.
The qualitative appearance of the flow was entirely different,
there being no tendency to set into a semi-rigid "network," as

in the absence of agent.

Now the effect of this "network™ of crystals will be most
important when flow occurs under smell shearing stresses, as

in this small efflux viscometer; in pouring from large kettles,
where the shearing stresses are high, the effects of flocculation
will probably be smaller. Accordingly, efflux experiments were
aelso dons in whioh the slurry was atirred vigorously with a

mo tor-driven ring-stirrer, which tends to break up the Halelite
network mechanically, in the hope of obteining results which
would be more repressntative of the comparative behaviors of
treated and untreated Ednatols in large batches. The following
table gives results, with and without stirring, for several
Bdnatols without sdded agent, and for a 57% Ednatol with the
lecithin-extract as agent, in the amount of 0,3%.

“This material has the following grist:
On #30 1.8%
#30-50 15.3%
#50-100 81.2%
#100-200 1.7%
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Time of Effiux of 50 Grams from 200 Grams
in the Efflux Viscometer

Composition No Stirring Stirring

S04 Haleite no agent 2.7 sec. 4.4 sec,
524 Haloite * " 3.5 sec. 4.4 sec.
52k " " n - 4.8 ses.
57% " woon {50g will not flow out) 14.6 sec.
574 " agent added 4.5 sec. 6.5 35,

These results are not sufficliently extensive to be conclusive,
but they suggest that a 57% Ednatol with about 0.3% of this
agent will have an efflux rate with stirring in this test, about
the sars as that of a 53-54% slurry without agent. Compared
without stirring, the effect of the additive will be made more
atriking, but it is not clear just which test is representative
of the differences which will be found in large-scale pouring.
::sthar tests, including pouring-tests from kettles, will be
(¥} ’

(o) Stability

SAnbiéiﬁofﬂidaiféli cdataining 0.3% acetone-extract of lecithin
have been compared with untreated material, in the 100eC Vacuum
Stability test, with the following results:

100eC. Vacuum Stadbility Gas evolved in 48 nhr.
_(cc.)
Bdnatol (untreated) 0.76
Bdnatol ¢ 0.3% lecithin extract 1.68
” - 0 ” LJ 2,02

The addition appears to increase the gas volume but it is not
made as large as that from, say, 50/50 Pentolite.

(¢) The Bffects of Lecithin Extract on Other Materials

It has besn found that the lecithin extract improves the
pourability of DBX a&nd Baronal; the effect was noted when the
agent was added to mixtures prepsared with very finely-divided
amnonium and barium nitrates.

Semples of dry-milled RDX Polar PS have been made using oils
which were 95/5 Gulf Crown 0il E - Acetone Extract of Lecithin
and 95/5 Gulf Crown 0il E - Acetone Residue of Lecithin, in an
attempt to see whether in this application of lecithin (the
normal oil is 95/5 Gulf Crown 0il E - Leoithin) the acetone
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extract might «lso be the active ingredient. The converse
appears to bs the case, for only the asetones residue gaeve a
good plastic,

S. Desensitization of Service Munitions

The purpose of this project, which has bec. given the title
"Desensitization of Service Munitions" is to develop methods of
diminishing the drop and bullet sensitivity of depth bombs,
G.P. bombs, and other service munitions, particularly of
munitions loaded with aluminised explosives. The following
conatitutes a brief report of the preparation of lined and
nose-padded cases of the A. D. Bomb, AN-Mk47, which are to be
loaded with Torpex II at the Navel Mine Depot, Yorktown,
Virginia, and subjected to the hardesurface drop test at the
Aberdeen Proving Ground. Three types cf linings, ten bombs
each, were prepared.

(1) Bxperimen L

These bombs have been given a nose pad, about 1-1/2" thick at
the center, and a 1/4" thick wall lining of & soft and rubbery
asphalt, called "H.H.Robertson Compound No. SR1741." This
material is a bituminous-like compound, characterized by having
a high viscosity index, and being of a rubbery nature over a
wide temperature range, Tho following are of particular
interest among the data comprising its specificationa:

(a) Scftening Point ASTK D-36 245 to 260eP,
(b) Penstration ASTM D=5

(1) at 77eP. 30 to 38
(2) at 320P, 23 to 30
~(e) Recommended Pouring Temp. 4500F,

This material, when mixed with Torpex II dces not increase its
gas evolution in the Vacuum Stability Test at 120¢C,, and it is
felt that its softening point is high enough so the linings
will not flow during loading of Torpex 1I,

The wall-lining was applied by heating the bomb case to 1209F.
in an oven, transferr it to a rotating device with its
eylinder-axis horizontal, adding 10 SR~1741 at 460°F,, and
rotating rapidly for from 10 to 15 minutes, after which the
lining was cool enough not to flow further. The nose pad was
formed by standing the bomb on its nose with the oylinder axis
vertical and pouring in S5# of SR-1741 at 4609F., using & aspecial
funnel to by-pass the hydrostatic fuze and booeter tube. The
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remaining length of the nose-fuze well was covered by a boot of
1/4" cork (Armstrong 9114) covered on the outside with SR-174l.

The 1ining will decrease tne cavity volume by about 10%, 1.e.,
to 3712 cu.in, '

(2) BERL Experimental Lining Type B (Ten bombs)

This lining is identical with Type A, except that it hes a 10#
nose pad, about 2-1/2" thick at the center.

This lining will decrease the cavity volume by about 13%, i.e.,
to 3574 cu.in.

(3) ERL Experimental Lir.ng Type C (Ten bombs)

These bombs have boen given & nose pad, about 2" thick at the
center, and a 1/8" thick wall lining, of a low density, fine
grain, cork sheet called Armstrong 9114. This is a material
of quite different nature than any which has been already tried,
and is known for its excellent shock-absorbding properties.

The nose-pad was built up from eight discs of 1/4" sheet of
appropriata diameters, glued together with 3M Blaatic Cemsnt
EC-260 (Minnesots Mining and Manufacturing Company), The
wall-lining of 1/8" sheet was made in two pieces, and glusd to
the walls at the joints with the same cement. The entire cavity
was finaily painted with Black Anti-acid Cavity Paint, Navy
Spec. 08-1356 (Pruatt-Schaifer), special attention bei ﬁiven
to all joints., The nose-fuse wall was covered with a g?@

cork boot, also painted with cavity paint.

This lining will decrease the cavity volume by sbout 8.5%,
1.0., to 3772 cu.in.
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PHYSICAL TESTING
Report Submitted by

D. P, MacDougall and E. H, Eyster
Explosives Researoh Laboratory
Bruceton, Pennsylvania

1, Impact and Mortar (R. Davis)

During the five-week period between )March 13 and April 15, 1944,
9216 shots were fired on 130 samples in, the various impact
machines, Most of these samples were of purely local interest
or are reported elsewhere,

Work has been almost completed on a series of sanples of twelve
ooammon explosives which have been sent out by the Canadien
National Researzh Counocil %0 a large group of laboratories
whioch measure impact sensitivity. At ERL their sensitivities
have been measured on Impaot Machine Designs No, 3, 12, 126
and 13, The collected results should be availedle next moneh.

Much time has been spent during the past month in assembling
a special report on impact sensitivity work at the £RL, which
will give detailed descriptions of the various machine designs
and results obdtained with each,

2, Bullet Sensitivity Tests (W, H. Rogers)
(1) Eiugfgs it the Bffect of the Container on Bullet

(a) Effect of Diemeter of géntgigor

Last nonth, tests were reported which permitted comparison of
the sensitivitiea of explosives cast in conteiners of varying
dieaneter and wall thickness but constant heirht. It was hoped
that this month a report of tests nade at the upper limit of
this scele could be given, Pentolite was cast in five-inch
nipples three inches high and caps were sorewed on. Three
such charges were tested and, although the first two clearly
pacsed, the third detonated with enough violence to damage the
bomb~proof seriously. Lxamination of the inert cases re-
vealed that the bullet in both inatances had penetrated

about three and a half inches, powdering the explosive for

at least a third of the total volume, It has been judged
unwise to make further tests of such large charges until a
stronger testing chamber is available, The results of only
three shots are of little significance in themselves,
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(b) Bffeot of Scale of Container

The effect of doubling the linear dimensions of a container
Was studied by oomparing the sensitivity to impaot of caliber
0.30, ball, M-2, bullets of 50/50 Pentolite cast in 1" pipe-
nipples, 3" long, with that of the same material cast in £"
pipe-nipples, 6" long. The wall-thickness, of oourse, was
not inoreased by a faotor of two by this method, The results
were the following: ‘

Pentolite, 50/50 Cest No, N.B, B.P, B, E.C,

1" p.n,, 3" long 40 30 3 2 5
(75%) (7.5%) (5%)  (12.5%)

2" p.n., 6" long 20 7 11 1 1
(35%) (55%) (5%) (5%)

The partials in this 2" series are not so violent, on the whole,
as those obtained with the 1" oontainers; there was much
evidence of burning, instead of the usual quick flash.

(o) Future Work

It is felt that these results make it olear that rather small
changes in the shape, size, and wali-thiokness of the oontainer
may cause significant changes in the sensitivities of the
ioaded containers. On the cther hand, there seems to be no
regularity or apparent simple interpretation of the results
which have been obtained. Aocordingly it has been decided to
abandon the use of pipe-nipples for these tests, and to pre-
pare special oontainers whose wall-thicknesses may also be
systematioally varied, or held constant for a variety of con-
tainer shapes and sizes.

(2) Bullet Sensitivity of Aluminized Bxplosives

4As a part of an extensive program for study of Aluminized lo-
sives at ERL, the bullet sensitivities of Torpex II (unwaxed ,
Minol II, DBX (unwaxed), and UWE (80/20 TNT - Al) have been
studied, using Composition B as a oomgarison explogive of the
non-aluninized type. These Aluminized Explosives had not been
tested extensively by this method at ERL, 80 it was decided to
disregard all old data (suoch as that reported in OSRD Report
No. 3156) and begin anew, Tnese explosives have been tested
oast in 2" pipe-nipples, 3" long, and oast in 3 x 3 x 3" boxes
ef 20 gauge steel, A few tests using 3 x 3 x 3" boxes provided
with heavy steel back-plates showed that steel baocking does not

alter the results,
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Careful observation of the "partiel explosions” obtained with
these materials revealed that it is necessary to distinguish
two types of partial explosions, One type, whioch will be
called Type I, is that typical of Aluminized Explosives,
characterized by a large, bright flare and absence of noise

or serious damage to the oontainer. The other, which will be
called Type II, is the normal partial explosion, ag found with
all ordinary explosives. The Type II partial is generally more
violent, and more of a real explosion, The results of bullet
tests, to date, are the following:

Cal, 0,30, bdall, M-2; 2" pipe-nipples, 3" long

BEIOS’.'Q NO. Non’ xoPoT E.POII De x-c.

Composition B 20 19 - - -
(95%) (5%)

UQWOBO zo - -

12 4 4
(s0%)  (20%) (20%)

Minol IT . _ 20 = 10 10 - -
‘ . (50%) (50%)
DBX (unwaxed) 20 - 6 14 - -
(30%) (70%)
Teo II (» d) 19 - é 12 - 1l
Fpex IT {umwaze (31.6%) (63.2%) (5.28)
Cal, 0,30, ball, M-2; 3 x 3 x 3" bozes
osition B 20 20 - - - -
Oom (100%)
U.W.E. 20 19 b § - - -
. — (95%) (5%)
Minol II 21 15 S5 1l - -
(71.4%) (23.8%) (4.8%)
DBX (unwazxed) 20 14 6 - - -
(70%) (30%)
Torpex II ( ed) 20 4 168 - - -
OTpSE °% Hhmwax (20%) (80%)
-~ 15 - CONFIDENTIAL
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The pipe-nipple tesat seems espeoially suited to distinguishing
Torpex II, Minrnol II, and DBX, as a group, from U.4.E. These
three explosives are shown to be more sensitive than U.W.E. at
the 95% oonfidence level, while no differentiation can be made
among,the three at this level with tho number of test-shots
made (1), On the other hand, U.W.E. itself is shown to be
more sensitive than Composition B at t he same confidence level.
To distinguish among the sensitivities of Torpex II, Minol 1I,
and DBX in this test, either more shots would have to be fired,
Sr the confidence level to be regarded as significant would
have to be lowered. At $0% confidence level the three still
are indistinguishable, whiie at 80%, Minol II is distinguished
as the most insensitive of the three, while DBX and Torpex II
are still indistinguishable,

The 3 x 3 x 3" box test is best suited to distinguishing Torpex II
as the most sensitive of the explosives under test. Bven at the
99% oonfidenoce level it is so distinguished. At 95% confidence
level, Composition B and U.W,.E. are distinguished as less
sensitive than Minol II and DBX., Even at Confidence level 80%,
however, these data 40 not distinguish between Composition B

and U.W,E,, or between Minol II and DEX,

Finally, comdbining the results of the two tests, the following
order of sengitivity to bullet impaoct is found:

Torpex II ) DEX ) ¥inol II > U.W.B. ) Composition B.

Eech of the above distinctions is nade at a confidence level of at
least 95% in at least one of the container types, exocept that

the distinction between DBX and Minol II may be made only at
confidence level 80%. These two types of test will be used as

the primary method for studying the phlegmetizing effeots of
waxes and other materials on aluminized explosives.

(3) Sensitivity of Plastjoc Explosives to Incendiery Bullets

Both Tetryl IPE and Composition C-2 (li4) were tested in

3 x 3 x 3" boxes with Incendiarr bullets, the former only with
caliber 0.30 Incendiary, #l, the latter with both caliber

0.30 and caliber 0.50 Incendiary, lMl. Ia all seriea the

;pg{opriate front plates were attached, The results are aes
ollows:

(1) Por a discussion of the ussc of confidence limits, and the
distinotion among explosives at various confidence levels,
see OSRD Report No. 3158, page 38 ff,
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Cal, 0.30 Incendiary, Ml.

Tetryl IPE - 3x3x3" boxes, 8 8 - - -
3/16" front plate
Comp. C-2 (M4) - 3x3x3" boxes 10 10 - - -

3/16" front plate

Cal, 0,50 Incendiary, Ml.

Comp. C-2 (M4) - 3x3x3" boxes 10 10 - - -
1/4" front plate

Apparently the oconditions of this test are not severe emough to
make it of very muoh interest., Tetryl IPEB will be tested with
the calider 0.50 Inocendiary bullet, however.

3. JFiame Sensitivity of BExplogives (C. A. Weltman)

The sensitivity to flame of several ocast and pressed pure
explosives and explosive mixtures has been determined. The
results are summarized in the following tables:

A) Pure Explosjves

Max, Min. Av.
3xplosive Time = 10 NF Time = 10F Time 1I,I.
Cest TNT 897 ~g ~1 ~100
Pressed TNT .897 ~ 2 ~1 ~~100
Pressed Haleite (+2% wax) 643 .8068 .725 138
Pressed Tetryl 384 434 409 244
Pressed RDX (+2% wax) «286 434 +360 278
Pressed PETN (+2% wax) will not continue t¢ burn
Caat DINA » . bt "
Cast Fivcalits hd L4 " "
B) Explosjive Mixtures it N
® n. v. -
Explosive Time = 10 NF Time = 10F Time I.I.
Cast Comp. B .485 «643 .564 177
Pressed Comp, A .384 «843 +514 196
Cast Torpex (no wax) 434 .589 .511 196

Very diffioult to ignite -« will not

Cast 50/50 Pentolite
oontix:ue to burn.
”

Pressed 50/50 Pentolite " " " "
Oast Ednatol " " ” ” L] "
Cast 75/25 Tetratol " " " ] " "
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INT unfortunately ococmes just at the limit of times which ocan
be measured by controlling the opening in the rotating wheel
of the flame-test machine, so that the minimum time for 10
sucocessive firea must be measured with the stopwatoh, and is
not well determined. It is believed that cast and pressed TNT
behave in the same manner to flames,

Haleite, RDX, and PETN were all given c 2;' wax coat sc they
could be pressed to good pellets, This prodbadbly lowers the
I.X.'s of all of them, but should not change their relative
sensitivities to flame (Compare RIX ¢ 2% wax with RDX + 9%
wax in Table B)., It is interesting to note that the three

losives whioh oould not be caused to continue burning were
all ester-nitrates.

Among the mixtures, cast Composition B is found more inflammable
than TNT, and leas inflammable than RDX, The additiom of
Aluminum, to form Torpex, inoreases the flame-sensitivity.
When PETN is added to TNT the inflammability is reduced until
burning will not persist., The insensitivity of Ednatol and
Tetratol, however, is not easy to understand, sinoce it would
appear that these mixtures are less sensitive to flams than
elther of their components, It is planned to try to modify
the flame test so that the heated surface will be horizontal,
and sc hold the melting material, instead of allowing it to
drip off. This may make it possible to burn some of the less
inflammable amixtures.
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THE EFFEOT OF HEAT ON CONFINED EXPLOSIVES

Report Submitted by
D. P. kaoDougall and G, H, Messerly
Explosives Research Laboratory
Bruceton, Pa.

Abstract

The behavior of Composition A on heating in e closed bomb is

similar to that of pure RDX.

The Tetryi vooster in the Mark4é detonating fuze, used in
the Mark 35-3 five inoh projeotile, will detonate at a
temperature at least as low as 135°C. The detonation is
initiated by the sensitive fulminate primer, and oocurs
even though the fuze is in the safe, or unarmed condition.

Report
Investigation Group: B, O, Broge and H. A. Strecker

Further experiments have been made in oconneoction with the
problen of the "oooking-off” of projectiles in overheated
anti-airoraft guns, oonsisting of a low order detonation or
the projectile in the breech of the gun. In previous reports,
data were reported for the effeot of temperature on the more
oommon military high-explosives.

"Explosion” temperatures were determined for Composition A
(R2431), pressed at 10,000 p.s.i., using the methods ant
apparatus previously described, The data are tabulated below
(Table ), and heating ourves for the experiments are shown
in e 1, Oomposition A behaved quite similarly to RIX,
except that no melting point break was found in the heating
curves; in each case, rapid decomposition started at about
200°0., and no appreciable decomposition was observed below
this temperature. Damage to the oylinders containing the
explosive was almost the same as for pure RDX, and typiocal
damaged oylinders are shown in the accompanying photographs.
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Iable 1
35 4 8
g § # 8§ LI
) % s 3f3_° %
. ge . g» 2= 23
3 * rud.wif ip 32 §° v
T OB %33.36,'3"-:3 ST
fd DAEBIELUH 5
117 Comp. A 10 1.5 2.9 64 213 230 170 202 Oylinder .
uartered
18 " . . . 3.3 61 213 215 168 201 &m
‘ split in hal?
119 * " » . 2,9 64 214 280 - 204 Oylinder
split in 3 plecss
1220 * ¢ © 33 57 213 250 175 808 "
21 ¢ 801

» ® = 38 55 212 -mo{nnm

In the tadle, the lower explosica limit is taken as the t
at which the fate. of .heating of the sample just exoeeds

sate of heating of the bomb; decomposition of the explosive at
an appreciadle rate is beginning at this tempersture. The
upper explosion limit is taken as the point at whieh the
internal rate of heating is twioce the external rate; marked
deoomposition of the explosive is oocurring at this tempersture,

- TSR SRR s et 2 L

In conneotion with the spescific prodlem of "oookin{;gt' in

the dase of Mark 30-3 five inck projectilss, exper ts were
carried out to determine the explosive material present whioh
is least thermally stadble. As used, these projectiles are
loaded with Amaonium Piorate (Explosive D) pressed to a density
of about 3.5 a8d sguippéd with 8 iiark ¢8 euxiliary dstonhding’
fuze in the noso .and & a1k 88-8-bese fuze, .The Mark 48 fuse
contains about 18 g. of Tetryl as booster, with mercury fulminate
as initiator; the Mark 28-8 fuge oontains about 8 &.’ of Tetryl
es booster, with mercury fulminate as initiator. e forrer

is s time fugze, the latter a oontaot fuze, 8 shows a
sketch of the Mark 46 fuze, and the various parts are shown in

the acocompanying photograph.
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In order to determine the damage done by detonmation of a !
Mark 46 fuze, the detonator assembly was replaced by a mild i ; ’
steel plug and the boosier detonated with a #6 detonator. i
The fragments obtained are shown in the photo h with the !
dis-assembled fuze. In studying the effeot of temperature on

the fuzes, experiments were made using complete rfuzes, fuzes
with detonator assembly removed, and with booster removed,
The comp'ete fuzes were urnngo& with a thermocouple inserted t
into the center of the dooster through the bottom and sealed i
in place with porcelain oement; a second thermocouple was !

inserted in the firing Rin well after removal of the pin, so
that its junotion rested on the case of the detonator and was :
sealed in the top plug with porcelain cemsnt. In this way the ;
fuze was maintained as nearly gas-tight as in its initial state, ;
The data obtained with the oomplete fuzes are tabuiated below ;
(In}i 44), and photographs of the damage froam the explosion f
are shown for two typical cases. Heating curves are shown for . H
three experiments in Jigure 3. : ;
Tedle i f
- o -
T A P
§2 & 3§ <=
8 83 =8 8 %8
. ) o S~ e ) ;
O . o & g a o o o g 8 s
B » o :
[ X (] o g'ﬂ ~ ol =4 :
) H Qo B 93¢ § g 9l :
a 8 @Geo 8 o a [ N o 3 [ ] r!
: 6 146 .ee 1.8 77 Booster case fragmented é
i 9 136 14 17 62 " " " i
{ $
13 145 183 2.6 48 " » » .
} 14 147 o= 2.0 82 Fuze case fragmented i .
' 15 154 145 3.2 37 " on " ;
16 151 156 4.2 35 Booster case fragmented :
23 143 185 6.5 28 " " "

the booster temp. prior to explosion, as was found in previous

In none of the above experiments was any sudden rise observed in l
experiments with Tetryl when decomposition occurred.
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Two experiments were run with the detonator assembly removed
end a thermocouple sealed into the booster. The heating

ourve (Figure 4) is almost identicel with that of Tetryl in
previcus experiments. In each ocase rapid decomposition started
at about 175°C. and the charaoteristic break at the melting
point (about 130°0.) was observed,

Several experiments were meda with detonator assemblies and
without the fuze ocase. In all experiments, the thermooouple
was sealed in the firing-pin well., It was found that the
explosion temperature rose with inocreased rate of heating, and
a series of heating curves at various rates is shown in

Figure 5. Part of this increase may be due to a greater lag
In femperature between the point at which the temperature was
recorded and the detonator material, dbut it is probably largely
due to a real inorease, as has been reported in an other
investigation(l), The results are given in Table III.

Table II1

Ex, Explosion Bate of heating Time of expl.
No. temp., °C. above 100°,°/min. nin.

2 150 ' 2.4 40
17 144 1.6 . 60
18 168 4.0 33
19 17¢ 6,2 27
20 178 7.0 2]

21 147 2,0 50

22 142 1.0 105

All the above experiments were rum without the fuze case and
the damage was identical; the case was torn and the inner
parts thrown out, but no fragmentation ococurred,

In order to determine the effect of the detonator explosion
in the fuze case, three experiments were run with fuzes having
the booster ocase filled with lead and a thermocouple inserted
into this as in a regular booster., No damage was done to the
fuze case and the only evidence of deccmposition was a slight
temperature rise (3ee Figure 8) between 145-150°C,

In order to further investigate the stability of the detonators,
experiments were run in whioh fuzes, arranged as previously
desoribed were heated rapidly to scme temperature below the

(1)ramman and Kroger, Zeit. Anorg. Ohem. 169 1 (1928)
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explosion temperature found at the siowest reate of heating,
and held until explosicn ocourred. The results are given

in Iable V. :
Iable JV

Bxp. Booster Detonator Time at Time Results
No. temp. temp. - temp. to

°g. *Q. min, temp.

] ) . ain.

24 1330 135+1 15 23  Oomplete fragmentation
26 131+2  135+2 1?7 88 Booster case fragasnted
85 127¢2 187+2 56 80 Bottoa blown off
27 12521 130+1 38 820 ooaplet o;.. tati

23 Coaplete fragmentation
g8  128%® 12292 180 88  No explosion

In Exp. 38, after deing held at 128° for 3 hours, the tures
wezye rlll“. and a normel lw.:u%“ﬂ. “uu
’

that the detonator material _ the
heating. No sture rise oc before the explosion in
any of the ¢ to.

Provious experiments iadiocate thet m D does not

begin to uoqgon until a ¢ Pature of absut 275°C, and
that Tetryl, although ddoamposition starts at the melbing
point, has sn upper explosion limit of 168 - 170°d. The
present axperiments show that the leaszt stadle ¢t in the
projectile is the fuge, and that the detomator the least
stable part of the fuse, The viclenocs of she dosion of
the fuze would probadbly be sutfiecient so at cause a low
order datonation of the main charge, whigh is what happerned

An reported cases of "oooking-off.”

No experimeante have Deen run with the Mark 268-8 fuzes, as it
1s felt that their behavior would de similar $o the Mark 48,
and it has been found aiffiocult to insert shermooouples so
that any very reliadle tempseratures cam be obtained,
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hrk“mnnu{htmuum
- A- Tuse parts s fuse case
; : ~nd top plug; bottom, booster
«. "¢ and detomator assemdly)
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ort Subdbmitted by ?
H . W.I-’mronoo
erocules or Company '
Wilmington, Delgware

Sepsitiveness o Impact

The object of this partiocular phase of the work on the
sensitiveness of explosives is to determine the éffect of
sand-blasted surfaces on the impaoct sonsitivity of PETN. It
is desiradble to have information on this sudject because
sand-blasted surfaces are especially useful in testing ex-
plosives such as Tetryl, wex dumiuzod YETR, eto.

In an uradmm‘ ¥W. 8. Xoski investigated the use of
sand-blas surfeces and found that the results

g{:‘oim the same as those obtained with smocoth surfaoces,
onolusion was confirmed using Ne. 30 Cerundum (aluminum
oxide) as the sand-blasting mediun and appears to
when Ottews Flint Shot is used, miﬁu.m

abrasive, No. 10 Oorundum, is
as the t of fall m

E
i

ship has Leen found to
ever, for amounts this,
that the height of fall us No

is squivalent to the he using
and smooth surfeces. It 1phnao¢ to 40 future work us
amounts in exocess of 40 ng. i

used

re

When amounts smsller then 20 mg. are ﬂm& of fall
for 506 shots deviates from the linear relati . When
2.5 mg. is used the height is approxima 1/2 the height
if the linear relationship existed fur amounts,

Future work will be done to determine the height of fall for
small amounts of PETN using smooth surfaces,

Experjmental, Prooedure and Results

The Bureeu of Mines Impeot Machine, which was used for this
work, has beesn desoribed in the opening report,

-------- - o o & B o> P S T O O S G S O e "V ¢ G o T & P

* Report dated 9-4-48, RI 2078, Hercules Powder Company.
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The hamners and anvila used were mgde of hardemed tool stesl and
sand-blasted with wvarious abrasives using a gua with an air jet
of 7/%2 in. and approximately 23-70 p.s.i. air. The three

abrasives employed with their partiole size and surface
roughness produced are listed in P
Zeble )
Aversge Surface
Particle 8ize Roughness®
Abresive Source (mm. ) (miorons)
Ottawa Flint Shot Ottawa Silicas 0.9 1l
Send Company
No. 30 Corundum Abresive Produsts 0.8 28
Company
Bo. i0 Corundum 8.8 30

Abrasive Produots
Company

¢ The Surfeoce Roughness is & msasurement of the vertioal
distanoce between the high and low points on the surface.

The horizontal distances between the oF low points on the
surfaces sand-dlasted with No, 10 0o were about 5 or 10
times greater than those sand-blasted with No. 30 Gorundun. .

The PETY used wes= of the Standavd Bnsign-Biokford Primsoord

type and had been thoroughly dried, It had a screen test analysis

as follows:

The EEL H-‘t!gg—d_ Tor determining the point for 50% shots was
usad, This method is descrided in full in the September 4, 1048

report by W, 8. Koski,

In running the tests g practice was made of changing the hamer
and anvil at least twice a run, If, at any time, there was a
rapid change in the results, and these appeared to be out of
line with previcus data obtained, then the hammer and anvil
were replaced, Arter each trial the hazmer and anvil were
oleaned off with aoetome,

f—

L e Ty PP S Py

fo LL WY VOF. N

——

[YSpeRe g




Table 2

Cl ~ Effest of Sand-Biasted Surfaces on the Iupact
Sensitivity of PETN Using 1/2 Inch Hammer and
2 £g. Weight -

Bed of Jall (om,) for Shots
Type Surfaces Runs 3.55. & ng. mn‘_: 205; SO& P ng,

Ottaws Flint
Shot 1l - - 11,6 - - 28.0
2 - - 18.0 - - $3.0
Av, - - 14.0 - - 28.0
No. 30 Corupdum 1 6.0 10.0 18.0 20.0 8.8 29
2 7.0 8.0 18,0 22,0 25.0 29.6
3 - - - 17 .5 - -
Av. 6.8 9.0 14,0 20.0 86.5 88.0
1 4.0 8.0 1,6 13.1 5.0 180
2 846 8.6 10.6 12,0 14.5 o
3 - 10 N 3 - - - -
. _ _Av, 8.0 8.8 11.0 12,6
- ‘q’ e e o o st e e e e i,
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Sepsitiveness to Friotion

In the preceding report on this investigation, evidence was
presented whioch indiocated that for Oyoclonite through 325 mesh
the extrapolated height of fall for infinite pendulum weight
was zero. This oonolusion was most definitely shown by the
experiments made with the roughest surfaces. It seemed to de
of interest to find out whether this result also held for
different partiole sizes and different explosives. Accordingly,
tests have been run on several explosives using fraotions of
various partiole sizes and the roughest surfaces, This report
gives the rasults obtained,

Results and Discussion
Bffect of Pendulum fieisht and Particle Sige for Several Bxplosives

The variation of height of fell to produce 50% shots with
pendulum weight has been studied for 323 mesh and 50
or 60/100 mssh fractions of PETN, Tetryl, Cyolonite, and
Haleite, The tests were made on hardonoa toold atni surfaces
with a roughness of 30 miorons: wheels 2 in. in diameter

and 1/8 in, thick were used, the amount of explosive was £0
mg./cn2 or more, and the angle of inoidence wes 4 deg. Weights
of 3,6, 10 lné 20 kg, were added to the pendulun. The re-

sults are given in Table 1 and Figure }.

The results for Cyolonite through 325 mesh were taken from

the preceding report. In the case of Pantolite the shots ,
were not too audible so the results there are not so certain e
as for the others. In all the other cases the shots were

distinct, BEven Tetryl, whioh cannot be heard when the wheels

are used with smooth surfaces,gave shots whioch while not loud

were quite definite.

I:‘mi ihe heights of fall for the 80 or 60/100 and the
mesh fraotions of PETN, Oyolonite, Tetryl, and

Haleite are plotted against the reciprocal of the pendulum
weight, 1In oll cases the extrapolated height of fall at
infinite weight seems to be zero. This is in agreement with
the results reported last month where the same behavior was
shovn by Oyclonite through 325 mesh with various strikers and
values of the surface roughness, :

The curves for Haleite are interesting in thet they oross
those for Tetryl and possidly also Oyolonite, In the region of
heavy weights the order of decreasing sensitiveness is PETIN,
Oyolonite, Tetryl, Ealeite, In the region of light weights

it is s Oyclonite, Haleite, Tetryl.
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In all osses, the small particle size is more sensitive than the
lerge. This is in agreement with all past results on the effeot
of particle size on the sensitivensss to fricticmal impact.

The heights of fall for regular Cyoclonite, Tetryl, Haleite,
Pentolite, and Pentryl® have also been measured,- The values
for the regular paitiole size are, in general, intermediate
between those for the ocoarse and fine particle sizes as 1is to
be expected., They have not been plotted in ﬁ;gg;g'; in order
to evoid making the graph too ocomplicated. owever, graphs
of the heights of fall of Peantolite and Pentryl show that
they too extrapolate to zero height at infinite weight..

The sensitiveness of Pantryl seems toO bve very nearly the same
as that of Oyclonite over the whole range of weight. Pentolite
and Tetryl seem to have approximately the same sensitiveness
throughout, altho there is some evidence that for light
weights Tetryl is less sensitive.

The deorease of height of fall with inoreasing pendulum weight

is of interest as indicating a possible means of extending

the range of the apparatus to include the less sensitive ex-
plosives. The heights of fall at 10 and especially 20 kg. are

80 low as to load one to believe that the heights of fall of
explosives as insensitive as TNT would, under the same oonditiouns,
be less than 60 om. the limit of the present apparatus. |
Several such explosives have been tried; namely, TNT, Plorio
Aoid, Ammonium Piorate, and Nitroguanidine, 1In no ocase were
shots definitely audible, It is felt, however, that this was

due more to the small smounts of explosive shoot . possibiy
because of lov propagation sensitiveness, than to lnsuffioient
height of fall for initiation. A striker designed to have a
larger area of contaot will be tried in an effort to over-

ocome this difficulty. In trying this, however, one will run

into the difficulty that the height of fall inoreases for
strikers with iarger areas of oontact, Areas of contaot

large enough to give audible shots with these explosives may
require heights of fall greater than are possible with the
present epparatus.

Future Work

Tests will be made on a few initiating explosives to see where
they fall in the order of sensitiveness, A striker made in
the shape of-2 segment of a sphere with a large radius will
be tried in en attempt to make the leas sensitive explosives
shoot,

----------- > ® ©® ® ® ® ©® @ ®© e e D E® g " O e ® o ¢

® (2,4,6-trinitrophenylnitramino) ethyl nitrate
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(perimental
The sources of the explosives used were as follows:

PEIN - received from Kenvil Plant 11/1/43

Cyolonite - RLX, %., R-2106, received from Bruceton 11/3/43
Tetryl -~ form used in blasting oaps, obtained from duPont
Haleite - SW 96, obtained from duPont

Pentolite - made in the laboratory, analysis - PETN/INT
49,2/%50.3 with 0. 8& wolstile

Pentryl (2,4 ,;;r;l'iitropl;;n;mtromi;:;hyl nitrate) -
made in the laboratory about ten years afo b{
¥r. W. deC. Orater (PRI 3519, October 6, 1933),

The soreen analysis of the PETN, Oyclonite, Haleite, and
Tetryl used is as follows:

Tetryl PERN Cyolonjte  Haleite (SW 80)*

On 50 mesh % 1% 469
On 40 mesh 6%

On 100 mesh g8 39 e .1
Through 100 mesh 58

On 200 mesh 40 44 2.7
Through 200 mesh 51 47 2.3

* There was no more Haleite SW 96 remaining at the time tie
asoreen analysis vas made so lot Sv 80 was analyzed., The uen-
sitiveness of Haleite SW 80 and Sii 96 had previcusly deen
found to bve the same,
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Sensjtiveness to Olanoing Impaot

Sliding Bod Tests

S1i8ing Bod Desim) and Qperaticn

The sliding rod impact machine (see PT-18, 28 £f.) was
introduced into the inveatigation of high exp ve sen-
sitiveness so that a study could be mede of the "glanoing”
aotion produced by the device upon military explosives. An
adequate explanation of the operational proocedure and a ,
desoription of the apparatus can dbe f in the earlier report.

Past work was conocerned with obtaining the necessary standard-
izations for making reproducibdility of results pnssihle with
this instrument. An investigation was made of the effect of
amount on the sensitivity of PEIN at 30°, 45°, 60°, and 75°
slide angle.

Recent work hes invoived a study of the eifeot of various
motals on the sensitivity of PLlN, Different anvil surfaces
varying in ocmposition and hardness have been employed es
test pieces in a classifiocation of their relative sensitivity
(or safety value) when using & standardized semwle of PETN.

814ding Bod Tests SR

Reocent results and previous data have indicated taat it is
very necessary to use the foliowi standardizetions if re-

-producibility of results iz desired:

l. Soreened freotion of explosive,

2., Weight of sample in the range not affeoted by and\iit. -

S. Sand-dblasted surtaces (producing uniformity).

The PETN used exoclusively in these experiments was soreened
through 40 mesh and retained on 100 mesh. 4 38-40 mg. sample
weight was used decause sarlier tests showed little effeot
due to amount in this range for all angles, As before,
preliminary tcests again showed laok of reproducidility of
data if an attempt was made to employ smooth machined anwil
surfaces. The anvil faoes were sand-blasted, but it was not
neoessary to roughen the hardened steel head also sinoe the
gesgta were equally reproduoible with smooth or roughened
eads.
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Three intermediats slide angles were added to determine

TIOTe closely the actusl surves of the plotted data: 37.05°,
52.5°, 87.5° added to 30°, 45°, 60°, and 75°, The plots
for various mstallis surfaces of the heights of fall pro-
ducing $0% detonations of PETN versus the slide angles are
closely "U-shaped®., The vertices or minimum limiting values
are in the 60°-67.5" slide angle range. Hence, the position
at whioh most melals sifect the greatest sensitivity of PEIN
on the sliding rod is between a 60° and a 67.5° angle of
incidenoce of rod and anvil.

Very little evidence was found to confirm the view that the
hardness values of the metals are in direct relationship with
their glancing impaot sensitivity and this property eanmnot

be used for predeterminations. Some relationship does exist
but it is not apparent at this time,

A few metals such as copper and phosphor bronge exhibited a
sharp rise in the curves of their plotted values in the
vioinity of 80°., This produced a secondary vertex showing

a definite desensitization at the 60° angle, No attempt will
be made to explein this unusual feature, However, the change
definitely does not fall within the range of experimental errer.

m m - ’ UL T B . Riainatndanen il

Future work with the sliding rod will be conocerned with a
study of various high explosives., Their range of sensitiveness, :
the individual effeot of amount and particle size will be

investigated and a definite classification will de made, An

attempt will be made to sorrelate the glanoing act data

with results obtained on the direot and frioti impact- ’

produoing devices,
Disoyssion of Results

A study has been made of the effect on the sensitivity of

PETN of various metallic surfaces. Different metel anvils

have heen employed on the slidinikrod machine in this testing
while using a hardened steel striker throughout, From the
results of previous work on this machine, it was found neocessary
to use a soreened fraotion of PETN and at least a 30 mg,

sample weight, By having these standardizations, the anomalous
results caused by the effect of amount and partiocle size were
avoided, A 38 to 40 mg. sample of FETN soreened through 40
mesh and retained on 100 mesh was used as standard,
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Preliminary work on smooth machined anvil surfaces, supposedly
presenting uniformity, indioated (as was shown in the earlier
Tsport) that good reproducivility of resuivc was not possidle

under these conditions. See results shown in Table 1. However,

data oGuld de cbtained under better ciroumstances when the
anvil surfaces were roughened by sand-blasting whiach produces
& uniform surface, It was not necessary also to roughen the
rod nosepiece. The values were somewhat higher than thcse
found with doth surfaces bviasived but were easiiy reproducible
in most oases,

Fourteen metals of various hardness and composition have bLeen
investigated. At first the slide angles used in testing the
surfaces were the original 30°, 45°, 80°, and 76°. Ugon
examining the plet of the height values versus the glide angle,
it was evident that intermediate angles should be studied to
determine the correct curve and vertex. This led to the
adogtton of the threse fol intermediate slide 83
S7.8°, 82.8°, and 67,5, The results using send-dlasted
surfaces, intermediate angles, and sized PEIN are given in

m .& Upon plotting these averaged values (height of fall for

etonations versus slide angls) W and £ are
produced. The majority of the mstu'.e es oa%uve in-
oluded in Graph 1. Those exhiditing an unusual ourve aré found

in Goamb £

m ﬁ The general of the curves resembles a large
with the vertex (or minimum height) in the region between
60° end 87.5° sl1ide angle, Metels which fail to cause PPN
to detonate when struok by the rod from: of 30* or 75°
become very sensitive if the angle is changed toward 80°,
Henoe the height at which detonation will take place on a
metal anvil is very dependent upon the slide e or the
"angle of inocidence” of the striker and the aoe,

At 75° thore is a definite upward swing to wany of the ourves
whioh would follow the direct impact data on wvarious materials.
At 90° the softer metal surfaces fail to produce detonation

at heights above those found at 75° on the sliding rod. There
is not much evidence avajlable from these data whioh indicates
that the hardness values can be used as a direct measursment
of the sensitivity. However, the results 4o appear to be
related in some manner to the respeotive hardnesses,

G 2: JFrom the plot of data on yellow brass anvils from
Taph I, it is possible that the alternate dotted ourve, "A",
co e chosen. This would produce a slight rise in the
original ocurve, the highest point near 60° slide angle. The
four metals plotted on Graph £ very defimitely Sndiocate this
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reverse ourve and second vertex near 60°. The change is slight
for monel and Ampoo 18 and alternate cptional ocurves have

been included. For oopper and phosphor bronze this unusual
effeot is so definitely apparent that it could not be oclassified
as a oonceivable eiperimental error. At least eight
dsterminations have been made for each of the three points

in questics: 82.85°, 80°, and 67.5°. No expiapnation is

offered for this erfeot at this time,

During these series of tests it became apparent that it was
possible to "work-hsrden” ocopper anvils easily after they had
been usad onde or twioce, This property of ocopper was also
noticed in alloys tested that oontained some copper. Necessary
precauions were taken in using these oopper-dearing anvils

80 that the resulteant values were not changed by the change

in hardness due to the impeocts,

Sumpary

1, 'when using various roughened metallic surfaces as
anvils there is produced a minimum or limiting value for
height of fall necessary to cause 50% detonations of PEIN in
the vioinity of 60 to 67.5° slide angle. This effeot becomes
less pronounced as the anvil hardness is inoreased, .

2. The Roockwell statioc hardness test does not influence
the sliding rod results as muoch as would be expected. Usually,
materials appear to have ?ood safety properties (failing to
detonate sensitive explosives) if they are appreciedly deformed
by the impact of a striking weight. The prime exaanles of this
characteristioc would be lead or aluminum., If the material is
relatively plastio (elastioc) the energy of the psroussion is
absorbed by the material and not transmitted directly to the
explosive partiocles resting on its surface, It was apparent at
first thet the static hardness of the anvii had an important
effect on the sensitivity (or safety) of the material, However,
later tests have indicated some other faotors are at least as
important, 8ince these recent tests would necessarily disprove
the relaticnship between hardness and sensitivity, it has deen
proposed that the "ooeliisient of plastioity” might .possidbly be
adggted as a standard measure of sensitivity. This proposal
would, of oourse, involve considerable experimenta. work to
det:rmine the advantege of olassifying materials w der this
systen, "

Experimental
A, erials

1. ggpgoa;vegz Regular Primacord-Bickford type PETN has
again been use oughout these tests in a special soreened
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fraction: ®tbrough 40 mesh, on 100 mesh”, This was chosen
a8 the standard fraotion as mentioned in the earlier report.

2. Anvils: Tab%e 3 is a list and desoription of those
metals that were studied as anvil surfaces auring resent work.

The pieces were machined either into 1 in. x 1 in. x 1/4 in.
squares or 1 in. diameter x 1/4 in. discs. ‘ome preliminary

work was made using machined surfaces, The major part of this
study was done using sand-blasted surfaces. The roughened
surfaces were made by blasting with Ottawa Flint Shot send {1/2 mm.
average partiole size), air pressure: 65 to 70 p.s.i., air jei:
7/32 in. diameter. .

3. Nosepieces: The removable head or noseplece of the
rod d

sliding used was a hardened Stentor tool steel striker with
a machined surface (Rockwell Hardness: 60 "C" socale).

B. Appergtus apd Progedure

The testing outline and description of the sliding rod machine
ocan be found in PT-18, page 28 ff.
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Sensitiveness to Rifle Bullet

Recent tests have been conducted on the pipe diss-bomb
aiterations which are a continuation of the series studied in
a1 earlier report. The following variaeations affecting the
explogsive sensitivensss have been investigated:

1. Effect of oontainer alterations with respect toc 4diss,
bass, and casing thiokness and/or material.

2, Classifiocation of various cast explosive mixtures,

The prooedure described in earlier reports for testing and
preparing the bombs has been followed during this experimentation.
This involves firing the bullet longitudinelly into a ocon-

tainer charged with explosive. This bomb comsists of a short
length of pipe to one end of which a steel plate has been

welded, A steel frontal disc at which the bullet is fired is
inserted in the open end to rest on the column of explcsive.
Current results have indicated the following generalizations.

The oclassification of explosions called "failures" are known

as either complete or partial detonations.

1. 4 definitve deorease ia apparent in the feroentage
detonations produced with cast Pentolite when us the etanderd
diso-bomb construotion (most effective arrangement) if the bomb
diameter and the ocharge length are inocreased simultaneously.

3 in. charge, 1l in. diameter 80% failures; 62% coamplete

& in. charge, 1l in. diameter 100% failures; 50% complete

8 in, oharge, 1 in. diameter 80% failures; 75% complete

4 in, oharge, 1-1/2 in. diameter 100% failures; somplete
6 in, oharge, 1-1/2 in. diameter 70#% failures; 1l4¢% complete
4 in, charge, 2 in. diameter 100% failures; 0% esamplete

2. Under standard diso-bomb oonstruction the pércentage
detonations inoreases (iv:hen using cast Pentolite) as the hard-
ness and/or the strength of the container material inoresses,

all steel (standard 100% failures
all monel 50% failures
all duralumin 20% fallures
all oopper 10% failures
all hard lead 0% failures

3. A 8slight desensitization 1s noticeable if wax is
added to Torpex or Oomposition B ocast mixtures when fired
with standard disc-bomb container,
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Torpex I (unwaxed 100% failures
Torpex II (1% beeswax) 70% failures
Composition B (unwaxed) 30-50% failures

Composition B (1% beeswax) 0-20% failures

4. If a nonmetallic liner is used as a sssondary diso
and inserted between the steel frontal disc and the explosive
surface there is a definits decrease in the sensitiveness of
cast Pentclite,

regular construotion 100% failures
1/16 in. gellulose mcetate
secondary liner 30% failures
1/8 in. soft rudbber secondary :
liner 10% failures
3/16 in. maple wood secondary '
liner 20% failures

5. Detonation originates solely by impaot end penetration
if the bullet is fired atthe rear of the disc-bombd through the

~ welded steel base plate into the Pentolite; and detonation
produced by a simi gonetration of the frontal d4iso is not

due to friotional initiation egainst the side wall,

. 6, Various cast mixtures tested appear to be either slightly
iess sensitive than Pentolite or much lesz sensitive when
fired at in the regular contuiner,

50/50 Pentolite 100% failures {SC% aamplate;
Peritonal 109% failures (20% oomplete
Baronal 100% failures ( 0% complete)
Minol II 100% failures ( 0% complete
DBX 90% feilures { 0% complete
60/50 Oyolotol 80% failures ( 0% complete
Tetrytol 50% failures

TRT-Aluninum (85/15) 0% failures

Future work will be confined to the following problemst

1. BRxtensive study on the desensitization effect of
secondary disc liners and container ocoatings of plastic or resinous
material.

2., Use of speoial experimental ammunition in comparing
variations ir container construotion.

. 3, Oomparison of the sensitivities of various cast and
pressed explosive mixtures,
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C AND TDSTING OF EXPLOSIVES

ort Submitted by

. H, Westheimer
Bxplosives Research Laboratory
Bruceton, Pa. {
[

STUDIES OF THE PREPARATION, STABILIZATION ? ’
il

e e LTy

The Theory of Stabjlity Tests
(H. Henkin)

a— ;

;

The investigation of the theory of the adiabatioc ignition test
hes been continued. A new apparatus has been oonstruoted
P whioh, while still orude, is an rovement over the former
, one, With thimpantus the ignition time for NENO (starting 1
- at 180°) waz ¢ to be 16 minutes. The prediction pre- ’
viously made was 13 minutes; the time found in the older B
apperatus was 20 minutes,

A beginning wes made in the problem of testing smokeless ;
! ors., e equation for the tims-tempersture relationship
' adlsbatic ignition, derived in last month's report 1is ,

l 5 - -@;' R o M)

/ where T, the initial temperature, T the t.onporattro at timm 8,
‘ and A, and 1’ are oconstants previously defined.

One of the things whioch can be deduced from this equation is
the rouwizix If @ series of adiabatic ignition tests is
started at different initial t.qzeramru, it should be pos-
sidle to superimpose all of the timo-tamperature ourves provided
those obtained at higher temperatures are properly displaced
along the time axis. The displacement of the time-temparature
curve for any individuel seample relative to that for another
mst be the time it takes for the sample started at the lower
temperature to heat adiabatically to the higher starting

temperatures,

A set of experiments to test this prediotion was oarried out .
: wity.a sample of BJY powder (perohlorate filled double-base pow- g
H der stabilizecd with Centralite). The results, shown in ;
1, oompletely conform to the predioctions from equation (1), !

s equation has been derived using the assumption that the
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inorease in rate of deccmposition with time is exolusively
thermal in origin. It follows, therefore, that for the sample
in question, and, at least, in the temperature rangs
110-180°0., the stabilizer has effeotively prevented suto-
catalysis. The scomputation of the constants A, & and I, for
BJ powder has not yet been carried out. The smooth cur¥e in
%ng% is not, then, a theoretical one. I% is further to

e noted that the stability of BJ powder compares favoradbly
by the adiabatic ignition tes’ with the tw mortear powder
previously tested by Hercules Powder Oomp .

i Experimentel

The new thermostat congists of an eluminum blook with two
wells drilled at positions sguidistant from the genter. . In
one of these a thermometer and thermooouplé are placed, - In
the other well, whioh is 1-1/4" in dismeter, the sample of
powder 1s suspended, The “oosffioient of thermal leakiness"S,
i= defined as the constant X in equation (8)

(2) %g « X AT

where T is the temperaturs at tine & and AT is the tempera.. e
difference between the thermostrt and the sample of powder .
being tested, With our apparatus, this cocastant is 0.12 zin.<L. -
The erature of the thermostat can be ocontrolled at present

to wi 2 0,08°C. 'of that of the semple, It follows, therefore,
that the meximum error which can be made in our present apparatus
1= 0,12 x 0,08 = 0.006°/min. (The aot:al error will te asonsid-
erably smaller than this, since the error of 0,05°0, will not
always be in the same direotion.) with the present apparatus,
any experiment cen bs ocarried ocut with reasonable accuracy
provided that the sample decamposss fast enough 80 that it heats
itsel? up {initieslly) st 2 rate which exceeds 0,08°/min.

Further, it is possible to raise the temperature of the thermostat
at a rate of about 10-15°C, per minute, This fast rate of
heating permits the maintainanoce of adisbatio conditions almost
until the ignition of the sample occurs.
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Aluninized Explosives
(S.D. Brewsr, J.W. Dawson, 4. Turk)

In a previous British reportt, a method was set up to study
the spewing of Minol. This method involved a measurement of
the inorease in volume of a 100 g. sample of Minol contained
in a long tube. The assumption was implicit in this method
that all the gas generated was held in the sample, and 4id
not asoerpe, is assumption is not valid, A better apparatus
has been designed, and shown in JLigurs £. A chargs of
Mirol is placed in the buldb of the apparatus, the siandard
joint well greased and held together with wire springs, and the
whole device (almost up to the T seal) immersed in a steanm
bath at i00°C, The mancmster 1s made of ocapillary tubing;
there has teen no evidence to dats of water ocondensed in this
capillary. The sample is heated in the steam bath for
15 minutes to attain equilidrium, the stopoock is then olosed.
The manometer is read at convenient intervals; the rise in
pressure is of the order of 20-100 mm. in a few hours, This
atus is acourate, easy to read, and measures the volume
of gas which is evolved from the sample as well as that whish
is entrapped in it, Trial experiments showed that this is not
even approximately true of the Britich apparatua, TIn praoctioce,
with a e mine, most of the gas which is generated will
prodably be trapped; the new a tus therefore more nearly
approximetes actual servioce conditions,

With the aid of the new apparatus, & large number of experimente
has dbeen made: Variation in method of mixing, waier oontemt,
method of praperation of the aluminum, eto., have been tested,
Two different methods have deen found which reduce the gas
svclution Uy a faotor of five to ten. The data are reoorded

in Table 1 and summarized in the following paragraph.

Minol oontaining a few tenths percent water when heated to
100°C, generates gas at a rate of about 5-8% of its own

volums per hour, The exact amount of gas ganeraved depends on
the method of mixing the sampie and the purity of comstituents,
The variations with method of mixing are quite complicated, but
in general it ocan be stated that the greatest gas evolution
ooccurs when water is added last to the mix. If all reagents
are purified and carefully dried, gas evolution drops to 1l-2%
per hour of the volume of the mix,

Minol has been treated so as to reduce the gas generated despite
the fact that oommeroial chemicals containing small amounts of
water were ucsed, One method of doing this oconsists of adding
4% anhydrous megnesium nitrate and 0,3% stearoxyacetio ascid to

- 45 - CONFIDENTIAL

————— s — s =

o e

et ae

AL O WY

'
A 0y I MBI 4 ¢ W@ MG G U B R 00 SRR B, U Sy« [} PRy o &

(e st

B e ]

L

R ¢ aatate




T ot e — ey = . &




-1

—

~re

CONFIDENTIAL

the mix, Presumably the anhydrous magnesiunm nitrate oombines
with tho water present; the stearoxyacetio acid prevents the
separation of the mixture which otherwise ocours in the
preseace of magnesium nitrate, Alternatively, the aluminum
can be treated with phoaphate or silicate to produce a in-
soluble coating on the surface, The best phosphate coatings
have been put oa in fairly strongly acidic or basic solutions,
and have ocut the rate of gas evolution down to about 0.9% of

the volume of the sample per hour.

In a typical case, 50 g. of aluminum powder was shaken
intermittently for amn hour at room temperature in 100 co. of
e 0.1 molar solution of phosphorioc acid. The aluminum powder
was then filtered, washed with water, and dried, The dried
aluminun was introduced with stirring into a melt of INT,
ammoaium nitrate and water. After stirring for 30 minutes,
the mix was poured into the bulb of the manometric testing

appaTatus,

In most ocases, the initial evolution of gas was faster than
the rate finaliy achieved, The rates recorded here are the
"steady-state® rates obtained after the rirst 30 minutes had

elapsed,

In the actual filling of a mine, the mix will de near 80-81°C,
(the freezing point of TNT); because this temperature is 20°
below theat at which our tests have been maede, the rate of gas
generation in practice will be much less than the figures given
here. A large mine may, however, take as long as 24 hours to
c00l, Under these conditions it can be computed that using
comaerocial materials containing small amounts of water the
inorease in volume Aue to gassing might be as much as 10 to
20%, Spewing under these oconditions might well oocur. However,
the best results here obtained indiocate that the gas svolution
can probavly be reduced, by one of several differeal methods,
80 thet it will not cause a volume inorease of more than 2%.
This result is probably Batisfaotory. It is hoped that a
method whioch can be used industrially can shortly be advanced,
Parenthetioally, it may be mentioned that the rate of gas
evolution from Ametol or an aluminum-TNT xix is less than 1/5
that from the very best samples of Minol so far preparsd,

An attempt to desensitize Torpex by ocoating the aluminum powder

with synthetic rubber has not so far been sucocessful., This
work is being continued,
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Ereparations snd Testing

Stability Tests

A total of 304 chemioal stahllily tests was ocarried out. This
included 141 thermal stability tests, 61 vaouum stability tests,
8 Bergmann-Junk determinations, ¢1 g{qbi;tgo; determinations
and 53 miscellaneocus tests.

Miscellapegus

A sample of nitrosoguanidine has been mnd and subjeoted

to stability and sensitivity tests, ® freezing point, solvent
action and other properties of Methylite 20 (80-20 nitroglycerine-
dinethylphthalateg and of s duPont liquid explosive (EL 389)*
have been dstermined.

Beferspoes
1. Interim Report PT-19, page 29 T,

2, Xoski, RD& (Hercules Report) December 20, 1943
S. White, Modern Calorimetry, Chemiocal Catalogus Compeny
4, WA-1628-14

* See "Development of Liquid Explosives,” by W. E. Lawson in
is and previous PT reports.
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Al.

Comnercial

Hone

Hone
Virgin
Virgin
Comnerocial

Commercial

Cammeroial

Virgiz
Commercial
Commerocial
Commercial
Commeiroisal
Commereisi
Virgin
virgin
Virgin
Virgin
Virgis
Commercisl
Virgin
cugrohl

Cemmercial

Commnercial

- Commeroial

Cammgroial
Commerocial
Commeroial
Commerocisl
Commerocisl
Commercial
Commercial

Commeroial
Commeroial

Treatment
of Al .

None
None
None
None

PREETERROTERy ¢

Hoated at

T400° for & hrs,

As above

None

CONFIDENTIAL

Table I
£ In-
¥y W0y Water Remarks :3:5 in
None None 0.00
C.P.driedNone 017
C.P.dried 0.5% 0.30
C.Piried None i.6
Com.dried None 2.8
C.P.dried Mix wot with 0,258 1.4
water. Then dried with
bensens
C.Pdried As above dried with - 1,0
bensene-alcohol
CoPdried As sbove, dried with 1.9

Omm _Aniad 0_8C

v v Sese

Cm.dried None
Om .dried 0.25%
C.Puiried 0,25%
Commercial 0.5%
C.Pe 0.5%
Commercial 0,5€
Commeroial 0.5%
Commercial 0.5%
Commeroial 0,.8%
Commercisl 0,5%
Cammeroisl 0.5%
Cameeroial 0.5%
Ccamercial None

Commercial None

Camnercial 0.6%

Commeroial 0.5%

Commerocisal 0.25%
Commercial 0.256%
Commeroial 0,25%
Commercial 0.25%
Commercial 0.26%
Commeroisl 0,35%
Commercial 0,25%
Commeroial 0,25%
Commercial 0.25%
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6.t
6.7,4.6
et
1.4
6.0
2.7
5.5,6.0
5.8

1% Ng(W0g)p added
& Ng(W0s)2 added

1.8
4% Ng(Mo3)2 and 0.3%
leoithin extreot, 7.0

4% Mg(MOs)2 and 0,3%
stearoxy acetic acid 1,0,0.8

0.9
1.6
3.6
3.7
2.7
1.4
0.8
2.2
2.7
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DEVELOPMENT OF LIQUID EXPLOSIVES

Report Submitted by
W. E. Lawson
Explosives Department, duPont Company
Wilmington, ﬁolavnro

Thermel Stabiljty Tests

The 150°F. heat stability tests on liquid explosives started

in Fedruary were oontinued and similar tests were started with
ERL's 80-20 NG-dimethyl phthalate for comparative purposes. The
results of these tests are given in Table ].

A 50~ sample of the EL 50-35-15 NG-INT-TNT (Oentralite 0,5%
of NG) composition made with polymer (#3) oil evolved 6.6 co. of
gas (150°F. and atm. prenurcg in 37 days. Bssentielly, the same
result was obtained with a sample containing rudbber strips,

sh that rubder has no apparent effect on the thermal
atability of this explosive. From results with Pentolite (1.7 oc.
of gas in 1l days) repovrted in Division 8 Interim Report ME9-8
under this contrect, it may be conoluded that the 50-35-15 mix-
ture has about the same thermal stebility as Pentolite.

The 50-35-15 compositicn made with glyocol (#19) oil had evolved
iess than half as mich gas a3 the polymer oil formuls aftsr

28 days. Addition of rubbexr strips to the glyool oil formula
increased the svolution of gas but even so, the total evolved
in 28 days was somewhat less than for the corresponding polymer
oil mixture, As there appears tc be no tendsncy for acsslsarassd
3:. evolution from any of these samples, the tests are being

soontinued,

The stability testa on the XRL 80-80 NG-dimethyl phthalate
mizture have been under way only 9 daya, At the end of this
period the plain sample had evolved no gas, but the one con-
tairing rubber had evolved about the same amount {(less than 1 oco.)
as the corresponding samples of the EL explosive.

Samples for Navy Tests*

A 500-1b. sample of each of the following compositions was made
up at the Laboratory for drop tests at the Navy Explosives
investigavion labosaiory at 3tump Neck, Marylanad:

*Results of these tests are reported in detail in *Explosives
Investigation Laboratory Report on B.I.,M. No., 36" dated
4-12-44, and issued by the Explosives Investigation Laboratory,
Naval Powder Factory, Stump Neck, iMaryland.
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ERL Qompositions

80-20 #3 NG (polymer)- dimethyl phthalate (0.5 Centralite i in NG)
75-25 " " ”» | J [} :

EL Composjtion
EL-389A 55-31.5-13.5 §3 NG-DNT-TNT (0.5% Centralite 1 in NG)

The EL 55% NG ocomposition (EL-389A) was chosen in preference
to a 50% composition on the basis of the ocap sensitiveness
and propagation tests described in PT-19 under this heading.

Thirty S-gallon Army Air Corps high octane gasoline cans were
used as containers for the samples,

Approximately 50 ib, of liquid exgiooivo was plsoed in each
6-gallon can, leaving 1 to 1-1/2 in. freeboard. The steel

sorew oap was replaced by a No.l1l3 rubdbber stopper, whioch was
ocarefully secured with wire binding, and esch can was sur-

rounded by sbout one inoch of pulp a wooden box for ship-
ment to Stump Neck by Navy truok.

Tests in which the cans were dropped from a height of 47 ft,
onto one-inch armor plate were started at Stump Neck Maroh 30,
and were completed on April 7, All three explosives gave cne
detonation at 47 ft, and one &t 40 f£t, The EL explosive,
EL-3894A, also gave one at 30 ft. The results are sumarized

in Tgble 1I.

The results of these tests were very surprising in that no
difference was shown between the two ERL mixtures, and EL-3894,
which was the least sensitive as judged by blasting cap tests
(see PT-19), eared to be slightly more aensitive to shook
than the ERL mixtures.* It is possidle that variations in
strength of the cans had a greater effeot on the resulis than
differences between the explosives.

*The possibility of detonations ocourring because of explosive
remaining on the armor plate from spillage during earlier drops is
excluded by the following quotation from the Explosives Inves-
tigation Laboratory Report E.I.M. No.38, 4-12-44, page 3:

"6. The possibility that the detonations in these tests may have
been caused by residue liquid explosive from former partial
detonations or ruptures of containers, either on or under the
steel plate on whioch the containers wers dropped, is precluded

by these oonsiderations: (a) After each detonation it was necessary
to replace the steel plate with a new one, (b, Baoch detonation re-
sulted in a orater which was refilled with fresh earth before the
next drop. (¢) In the case of ruptured oontainers, all liquid
explosive was disposed of by burning, and the steel plate and

earth under it was repleced as in the oese of detonations”.
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An ettempt will be mesde to determine the relative impaot sensitive-
ness of the two ERL mixtures and EL-389A., Additional samples

of these explosives may be supplied for further tests by the

Navy, but their program is not known at this time.
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Drop Tests at Stump Nack

5-Gallon Cans of Mark 8 Bxplosives

Ex‘p- Kgim
3694 Can No. Pt. Position of Can
1 47 Vortiocal
z L} ]
3 ] ]
‘ | ] ]
5 L | ]
6 ] L]
7 40 .
8 30 .
9 20 "
10 ] ]
Bxp, o 1 47 Vortical
N=T75-25 2 - .
3 40 "
4 &0 .
5 ] L]
6 ] L ]
7 [} n
a [ ] ]
9 »
10 [ ] ®
Exp. »
N=-80-20 1 47 Vertical
2 . Borigontal
3 b Vertical
4 . Horizontal
[ . Vertical
6 ] »
7 40 .
8 30 "
9 " ]
10 " "
¢ ERL Compositions
- 53 -

CONFIDENTIAL

Remariks

nd
Be .1ng

Cracked near base
of container.
Bending
Rupture of cir-
cumferential seam at
base.
Detonation

o

Bending
]

Bending
Detonation
]

Bending
L]

L

]
2" rupture of side
geam near base,
Berding

L J

Bending
L
]

Loss of stonper
Bending
Detonation
Detonation
Ben:ling
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STUDIES OF THERMAL STABILITY TESTS

Report Submitted by
R. C. Blderfield
Columbia University

Most of the month has bsen devoted to checking and re-
checking data previously reported on PETN and Pentolite.
This is now complete and will be incorporated in a formal
report to be submitted within two weeks.

The following new data on Haleite (Picatinny, November,
1943) has been obtsained,

Temperature of test: 140oC. Wt. of sample, 0.5 g., dried
24 hras. at 100°C. Gas svolution data cslculated equivalent

to & 5.0 g. sample and plotted on Pigure i. Analyais of
evolved gas as followa:

After 2¢ hrs. After 3¢ hrs.

Oxygen 0.04 0.0%
_Moisture (removed either 7.9 5.3
by KOH or Pg0s) '
Basics 0.0 0.0
Total Acidics 2.3 6.1
NO 2.3 3.1
CO2 and NO2 0.0 0.0
co 95 8.9
” Other combustibles 1.5 1.0
N20 60,9 S34.2
Nitrogen 17.9 44.5
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POLAROGRAPHIC INVESTIGATION OF EXPLOSIVES

Report Submitted dY
Je Jo Lingane
Harvard Univeraity

Diffusion ¢ C of

Mercuric fulminate and lead aside are commons somponents of
primers and primer-detonstors, along with antimonous sulfide,
potassium chlorate, abrasive, eto., and both of these compounds
are aoluble in smmonium acetate solutions. Henoe in the method
of analysis that we are donlofing 1t is planned to extraot
merouric fulminate and lead aside (together with potassium
chlorate, barium nitrate, etc.) from the primer sample by
leaching with a rather coneentrated soetate solution,
and ©ws effect a separation from sulfide and othar -
insoluble substances. VFor e _ dotermination of
the mercury and leed the ammonium soetate extrsat is eoidified
wish oric acid, diluted to a imewn volume, and the
conoentrations of meroury end lsed are evaluated simultanecusly
from a polarogram of this solution.

In s supporting electrolyte ¢ of 1N ehlorie asid
plus 1IN esmonium chloride plus ascetic acid plus 0.01€ gelatin,
whioh corresponds to the solutions obtalned sol the -
ammcnium acetate extraot with hydrochloric asid, the ~Fave
potential of lead is =0.48 v. the 8.C.B. aad the diffusion
current is excellently deve o The mercury wswe in the same
mportm ohobolm‘lmu right from sero applied e.m.f.,

a very well daf diffusion current is obtained well in
edvence of the lead wave, The diffusion currents of both metals
are direstly proportional to their congentrations whes

correotion is made for the residual curreat (see Jebleg ] and 1]).

To avoid the necessity of individusl calibraticns for sash
analysis we have determined the diffusion surrent comatants,

1a/cad/3¢1/8, - | -

of both mercuric mercury and lead in mppoﬁi:tnohemlw
that match the solution that will be odtained an astual
analysis. The data obtained are shown in Tebles I end 1l.
With these values available the concentratio f mero and
lead can be computed directly from the observed diffusion

;
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currents, and the imown ; and t values of the capillary used,
by means of the equation

Cs= L 1)
T at/5:176 ‘

where ] represents the diffusion current constant; Ll%r
actual value of utruuon current when € = 1 millimo and

u8/3¢1/6 2 1 ng.2/3sec.1/2,
Table I

Diffusion Current Constant of Lead
28/3¢1/6 = 2,00 ng.8/3s00.-1/2 Temp. = 259C,
The diffusion current values have been corrected for the rssidual

current of the nupporuna eleotrolyte alone. 0.01€ gelstin used
& BAXiEmUEm SUpPpPressor.

44 ia ia
Millimolar Mioroamp, m 51:17 CH

1 € b I ) { 1.8 M HCY, 3.1 M NHeCLl, S.1 M
(Series A, supporting eleetro yto » agtio ““’

0.108 0,76 382

o.312 2.14 3.43
0.503 3,78 (3.73)
0.768 6.28 3.46
0.9350 6,38 3.43
1.140 .03 3.88 -

1.275% 9.00 53

(Sepiss 23, =upporting elestrolyte 1. 0 M HCl, 1.0 M NHqCl, 1.0 M
PPo 4 ! acetio acid)

’ OQW 3.73 3069
0.928 ‘ 6.85 3.69

13,3, Lingane, Ind. Bng, Chem. Anal. Ed,, 15, 83 (1943),
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Tnb;o I3
Dirm;on Current Constant of lu-om

n?/3:1/6 1.99 .8.2_/3“0‘-1/8 Tomp. .= 25¢C

The diffusion current values havs besn ocorrected for the residusl
osurrsnt of ths support&ni electrolyte alons. 0.01% gelatim pres-
. ont as a max suppressor.

I 14 "d
Millimolar Microamp. cn2/3:176

(Series A, aupporting electrolyts 1.2 M BCl, S.1 M NH¢C1, 3.1 X
ss3etic acid)

0.485 3.00 3.54
1.89 12.80 S.68
S3.99 88.13 3.5¢

" 7.3%8 88.1 gga
) Av, .

(m B, supporting electrolyte 1.0 M BC1, 1.0 X NHeCl, 20N
i - acetic acid)

0.101 7.88 S5.87
4.08 30.7 S.88

It is a well known faot that 42 meroury in oric acid
solution tends to be reduged to merourous ride by metallie
meroury accarding to Hglly” <+ Hg = HgaClg + 8 C1°. Both the
z«l and extent of reduction is, of course, smalier the larger
te

concentration of chloride ion in the so ution, sinoe thwe
morourie ion is stabilised Dy excess chloride ifon.

8ince mercury from the dropping electrode colleots in the Bostem
of the polarographio cell, experiments were made to dotermine
4f the above reaction takes place reapidly in 1 M hydro-
chloric aoid to interfore with the polarographic determinetion
of maoreury. A 5 millimolar solution of mereuric chloride in
iM hloric acid was placed in the cell, freed from
dissolved air with nitrogen, and the dropping electrode was
then introduced. The diffusion current of the maroury was
observed as a function of time. Under these oconditions no
appreciable change in the diffusion surrent was obasorved over s
period of 30 minutes, although the moroury that oollested in the
boitom of the oell acquired a dark film {mixture of mercurous
chloride and meroury). It is evident that the reduotion of
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small concentrations of mercuris mereury in 1 N hydrochlorie
() scid oes not take place rapidly enough to interfere with the
pol.u-ognphic deteraination of merocury, vided that the
diffusion current is messured without delay afte ths dropping
electrode is placed in the solution. |

Determinstisn of Antimgey Pulfide

Antimonous sulfide will be lsft in the residue from the sxtrestion
of the primer sample with ammonium acetate solution. In previous
reports it has bheen show that sntimonous sulfide can e dissolved
fairly easily in a hot alkaline tartrete solution composed of 1 X
potassium hydroxide and 8 N potassium tartrate. Although the
cathodio wave of the antimonyl tartrate complex present in such

s solution is well separated from the anodic sulfide wave it is
not possible to acourately determine the antimony and sulfide
directly from a polarogran of this solutiom becsuse each of

these sudbstances exerts a deleterious effeet on the wawve of the
other. (See PT-19, page 64 rr.&; Therefore it is neces to
separate the ant and sulfide if en scourate ,

- determination of ¢ of them is to be made., For tin determine-
tion of the antimony the alkaline sartrate extreset may de
ssidified cw{ with 10 0014 (8 o ¢ ¥ exsess)
boiled 30 redissolive precipitated antimony sullide and tmi
hydrogen sulfide, and then diluted ¢o & mown volum with
sddision of sufficient hydroochloric scid so that its fimal
sonsentration is 1 N, A polearogres of this eolution shows s
exocollent antimony wave whose halfewave potentisl is =0.185 v.
uo the 3.C.Be

ne w#&"‘i.ﬁ:ﬁ&i.“‘.é’:m Y wm:{m
as ° o .
i esid 8 0«8 N tartarisc seid plus 0.3 M potassium chloride .
i plus 0.01% gelatin, whish eorresponds to the solutiom that would ,
o be obteined by aeidifying 10 cc. of the alkaline tarsrate sxwast :
' with hydrochloric ecid and diluting to 100 o6, _ .

P
'
e ——

L K T S VP O RS Ry

M
b
S et i e e TRUE L VX1 Y SO T e NPy




RTINS R
Ty P !

A -

- bt - - RO - =l - oy
N ——r - - " R —— R—
s A " - ey S BN S [ RY B © e cepe Y = z S S T

) IR LTI I L ; B e . M. g e s s
~ ~-a E— - oY L - ” . X e N ‘ = el HEC

- .- v ot b ho oo~ mowilB R it i

; - B ; i I j - EE . M -
3 g - ey o o N R . i R

4.40 39.6 Cog
Av, .

Rxperiments are in progress to determine the sulfids dy collecting
the hydrogen sulfide that is evolved when the alkaline tartrate
oxtraot is acidified with hydroochloric acid. An spparatus has |
been assembled which permits the absorption of the mro;cn h
- sulfides in dilute sodium xide solution; the ide iom :
in this soluticn can then deteraninod either polarogrsphically
or by lodometrio titration. A number of preliminary experimonts
have been carried out using pure sinc sulfide as & source ol
sulfide, to test the completensss of recovery of the evolved
hydrogen sulfide. 80 far the results have not been very
ensouraging. We have found that it is difficult to obtain -
ocmplete absorption of hydrogen sulfide in the sodium do
receiving solution. PFurthermore in alkaline medium de 1o
oxidized quite rapidly by atmospheric oxygen, which necessitates

teotioz of the solution with ni on or other inert gss. .

wover, we believe that most of the ficulties have been med
and they are in the process of being ciroumvented., §ince these S
experinsnts are still in s 2tats of flux a1 d are being ocontinued '
wo shall defor a detaliled report on them until later.

Table III I
i G Diffusion Surrent Constant of Antimony

m2/3t1/6 - 2009 noz/sl.OQ.l/z Temp., = 26¢C. . ] g '
The diffusion currents have been corrected for ths residual current ;
8b 14 14 ¥
Millimolar Mioroamp. W P

0.773 7.19 4.64 :

2.47 22.6 4.58 !

3.07 27.6 4.52 {
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" of tetrasthy xide and left & reasonsbie woriing

le Dioxans =<-- Purification was given in PT-19, page 88.

POLAROGRAPHIC EXAMINATION OF EXPLOSIVES

Report Submitteé by
V. %e Nelcche
University of Wisoconsin

In exeamining members of the diphenylamine nitration series, it
has been necessary to make ocertain changes in proscedura as the
work has progressed to the more highly nitrated compounds. In
our last report (PT-19, 67 £f.), mention was made of
maxima oocourring in reduction curves of 4¢- nitrodi .
It was also noted that the addition of ecsins would e te
such maxima. It should be added that in all cases where ecsize
was used as a repressant, the residual current was not idsally

defined, In seeking a substitute for eosine sthyl cellulose

was tried and found to be an exocellent repressant for this

mmmmhtummmﬂudm-hmd
_ part of the eurve was improved. In

Tepresents reduction for a solution to shich

gnd:pd. WW&“. ﬂ-uuu:: of. 0,01 ethyl oongou.
this substanee ] ' valuwe
:du:‘”t..nmu mzdmn&mu
been added to systems eon ﬁxmwmm
in our last renapt, their would have bdeen ohamged.

The deviation 1s 3light and has little importanse until further
ehask runs are aede.

In the last report we suggested the use of tetraslkyl base as &
w olectrolyte for the dioxane system, Tetrasthyl-

U xide was prepared and tested by means of the
pohrogc In attempting to dissolve sufficient bdajse to melke
the solution 0.156 moler, e iment showed that dioxane-water
systems which eontained dioxans separated into two layers.
A system eon 60% dioxzane did dissolve the desired amoun

margine Heage, the basic systems describved later in this repseri
represent 60f dioxane while the acié systems represent 505 .
dioxege, The results do show that different reductions take ;
plsce in the dasic soluticns than taks place in the asid soluticmg. '

" If 1t is desirable to use & basic solution in order to identify

one of these ¢ » it may be desirable to standardise on a
solution containing diozane and preyare all of our standard
information on this dasis, .

Materisls:
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2. neni trosodiphenylaming -

msumnon given in Pr-18,
S. penitrosodiphenylamine
Bastman white labdel
4. 4¢-nitrodiphenyleming-- ~
Bastman white lakel was of infericr. 18y,
Reerystallisation from an ether solu
after filtration yielded a 2004 prodmst.

Be S-nitroéimn;i:ltm
tman white ladbel.

8. HCY - r«ient g>ede
7. eothyl cellulose - sourtesy of United States Forest Products
a .

tory
8. tetrsesthylemmonium hydroxide ~- Prepared techni imiley
i to that desorided fop eaumth:{ cowcug'l’ _

The following two tables %uo representative data for the
redustion of 2-nitro and nitrediphenylenine .

a4 WO L DIMAN]

Syatem: 9_2‘ dgozm“ ﬁimlum containing 0.01% othyl celiuless
®

PPop time at half wave: 3.90 ‘ o
Llsutrode 't 40.3 C e e
- Fressure : 88.3 -
Halfwave mtill 8 ° 0,40 volt vs 8.B.C.

sone 19 . .
-ou/izm mioroemp W‘ e e e e

1. 0.8  BeT6 .88 2, ., T
8. 1.0 a. 1. 1a/028/341/8 o 5,07

. ) . based on av >

e 2.0 24,80 188 v
& 8.8 27.08 R - Y1,

IS

see curve 8 of Figure 1 for a typical polerogram

TI73AC8 60, 1770 (1988) Peracchic and Neloore
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8. 1.0 11.37 11.37  14/0a%/3:1/8 & 7,00
- A 135y Deged em

6. 8.6 86.65  1l.¢8 ot

he curve for tw zeduction of the Z-aitro conpound is quite
siniler %o that for the ¢-nitro compound. (u-m_ﬂf

1a/cal/341/6 N
1 .. ‘ O_u ) V
3. 6.7 .
L 1 7.00 ey .ﬂ;-. '-“vsa

This tsbls vepresents nmuﬂs P‘M in mn .OIM L.
Mumnmmumum-huowlunm

umau% ring tha . |
mx:gounn e aystea ie to tetresthyl !

zide end contains onIy 60f dioxane..




1a/cm8/341/8

1. 2.2 1.18
2. 2.8 1.18
8. 4.6 Ou 990
s. s.1 0.90

44

# a color change took pleace and it may lo)unbhﬂuta
interforencs occurs in this roduuna.

e T
* oonammo. om.nm R

e-uu-ou lamine : L
0# ﬂtm ide in S
dioxane 0.01 othyl ocellulcee : el
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Rropossis for future work:

1.

2.
3.

Althcugh some further work is necessery on the nitration
series of diphenylamine, it 1s time to request samples of
aged powders. Ve can sttempt to apply the informeatiom
whioh we have now on such samples or we can apply the
:tug :o powders in which the aging has been scceleratsd
Yy ate

This study ahould be extended to centralites.

Prepare 8-nitronitrosodirhenylsmine and 4-nitronitroso~
diphenylamine for examination.
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PREPARATION AND TESTING OF EXPLOSIVES, by Ralph™
Connor, Interim rept., 15 Mar - 15 Apr 44, 64p, illus,
tables, PT-20, :

Ordnance (22) Explosives
Ammunition & Ex- Explosives - Testing
plosives (1) : _
, ¥Evpo v
Q (Copies obrainable from ASTIA-DSC)
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